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ABSTRACT

Electronic grade Silicon CarbidSiC) is aceramic material which can
operate as aemiconductor at temperatures above°600 Recently, SiC
semiconductorbave beemused in Schottkydiode gas sensor structures.
These sensors have beenshown to be functional at temperatures
significantly above thenormal operating range of Si-based devices. SiC
sensor operation at these higher temperatures allows detection of gases such
as hydrocarbons which are not detectable at lower temperatures. This paper
discusses the development of SiC-based Schottky diode gas sensors for the
detection ofhydrogen, hydrocarbons, and nitrogen oxides JNC5ensor
designs forthese applications adiscussed. High sensitivity is observed

for the hydrogen and hydrocarbosensors using Pd on SiSchottky
diodes whilethe NQ sensorsare stillunder development. A prototype
sensor package has been fabricatedwhich allows high temperature
operation in @aoom temperature ambient by minimizifgeatloss tothat
ambient. It is concludedhat SiC-based gas sensonsve considerable
potential in a variety of gas sensing applications.

INTRODUCTION

The requirements of aeronautic, aerospace, and commercial applications increasingly
demand component parts to operate in harsh environments under conditions which exceed
the capabilities of traditional material®ue totheir inherent stability, thisasled to the
development of ceramic materials as structural mateelastronicsemiconductors, and
sensor components. Silicon carbide (SiC) is a ceramic material wdmcheused for all
threefunctions. For many years, SiC hbasenused as atructural material due to its
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durability andhardness. SiC is also becoming @ectronic material of considerable
importance (1). Due to its wide band gap and lotinsic carrier concentration, SiC
operates as a semiconductor at temperatures significantly highethétgossible with
silicon (Si) semiconductor technology. SiC sow available commercially and
processing difficulties associated with its production are being addressed.

Recently, SiC has been included aseasor component in gas sensapgplications.

In particular, the capabilities @iC as a semiconductor in gas sensing metal-insulator-
semiconductor (MIS) or metal-semiconductor (MS) structingse been investigated.

For example, Lundstrom et al. have investigated MIS capacitor structures with SiC as the
semiconductor. SiC-based capacitors using platinum (Rte@ms sensitivenetal have

detected hydrogen concentrations as low as 2.5 ppm and have operated at temperatures as
high as 80€C (2). The capacitors respond to hydrocarbons such as metthaee, and
propane, as well as NOResponse times of less than 100 ms leeen obtained3-4).
Although the majority of the work done by this group hasoncentrated on the MIS
capacitor structure, the development of a Schottky diode strdwsralsdeen reported

(5-6).

In contrast to théVlIS capacitivesensor developmente emphasis othe work at
NASA Lewis Research Center (LeRC) and Cegestern Reserve UniversiftCWRU)
has centered on the effort to develop Schottky diodesensor using SIC as the
semiconductor. The advantagetioé Schottky diode structure is its high sensitivity (i.e.
large change in signafpr low concentratiormeasurements.The ability to detect low
concentrations ofjases with a stronghange in signal is especially important in, for
example, safety monitoring, emissions measurements, and chemical process control. The
ambient environments for each of these applications may vary significantly.

The purpose of thigaper is to give an overview die development of SiC-based
gas sensors at NASA LeRC aBG8VRU. First, wewill discuss samplpreparation and
the gas sensor testing system at NASA LeRC. whlethen discussthe development of
hydrogen and hydrocarbosensors. Specifically, the properties oSchottky diodes
composed of palladium (Pd) directly deposited on BiCbe discussed.The long term
stability of these diodes at high temperature will also be brikfigussed. An overview
of the sensor packaging effort and the use of SiC-based senstetedimitrogen oxides
(NO,) will then be given. It is concludetthat SiC-based gas sensors withSahottky
diode configuration havexcellent potential tprovide very sensitive measurements in a
variety of environments, but further development work is necessary.

DEVICE FABRICATION AND TESTING

Palladium MS Schottky diodes on SiC (Pd/SiC) were prepared for hydrogen and
hydrocarbon detection in the following manner. An @b thick 4H or6H-SiC epilayer
was grown bychemical vapor deposition on a commerciadlyailable 4H or 6H
silicon-face SIiC substrate (7-8). Approximately 40@stroms of Panetalwas sputter
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deposited ontdhe as-grown SiCepilayer surface. Circular Pd Schottky patterns of
diameter 20Qum were then patterned by a lift-off techniqu&luminum (Al) wasthen
sputtered onto the bottom of the wafer to form a backside electrical contact.

The facility usedor sensortesting carsupply a continuous flow of gaseous hydro-
gen, hydrocarbons, helium, nitrogen, a@r, either individually or as anixture, to a
chamber containinghe sensor undetest. Computer-controllethass flowcontrollers
give a continuougjas flow at arange offlow ratesfrom 0 to 4000standardcubic
centimeters per minutésccm). Athree-way valveallows the gas to bypasshe test
chamber and go directly to the verthis featureallows the mass flowcontrollers to be
stabilized without flowing gases through the test chamber. The compositioagzfs in
the chamber is monitored by a masgectrometer.The massspectrometer provides an
independentneasure othe relative concentration of thgases inthe testchamber as a
function of time.

The Pd/SIiC Schottky diodes wergharacterized in the teshamber containing a
probing station and a heated sample stage. As shown in Figure 1, the SiC substrate rested
on a gold-covered alumina substratetisat theAl-covered backside of the chimade
contact with the gold. Sample contact was made using tungsten probes. One probe made
contactwith the diodes’ patterned Pd surface while another protsdecontactwith the
gold and thughe backside of the chip. The alumisabstrate rested aihe hot stage
whose temperature was controlled from room temperature t&C125

TUNGSTEN PROBE

TUNGSTEN PRO

Pd CIRCULAR PATTERK‘

SiC SUBSTRATE
ALUMINUM FILM

| GOLDEIL

ALUMINA SUBSTRATE

HEATED SUBSTRATE

Figure 1. Schematic of testing system for Pd/SiC Schottky diode (not to scale).

The electricalproperties of thePd/SIC Schottky diodes wereharacterizedusing
capacitance and current measurements. The measurenteetdmfde’s capacitance was
conducted as followsFhe response ofhe diodecapacitanceneasured at 0 V with time
(C-t) was used toharacterize thétme dependent behavior tife system upon exposure
to various gases.The barrier height of the diod&as determined usingapacitance-
voltage (C-V) measurements by finditige intercept on the voltagis ofthe plot 1/C
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vs. V (9). Corresponding current-time (I-t) and current-voltage (I-V) measurements were
also taken in separate tesfBhe forward voltageacrossthe diodewas held constant and

the currentvas measured asfanction of time forthe I-t measurements.The forward
voltage was chosen in order to maximike dioderesponse tdhe hydrogen-bearing gas

and to minimize series resistance effects.

HYDROGEN AND HYDROCARBON SENSOR DEVELOPMENT

SensoiCharacterization

In order to understand the capabilities of SiC-based Schottky diode using Pd or a Pd
alloy, we have extensively studied the propertiediotles composed of Pdirectly
deposited on SiC. Whave choserPd-based systems for hydrogand hydrocarbon
detection due to the superior ability of Pd to absorb hydrogetharglbstantigbrevious
knowledge of Pd and its alloys in hydrogen detection (10-IBk simplest Pd with SiC
system is Pd directly deposited on SiC. Direct contact betwe@atthgtic metal and the
semiconductor allows changestire catalyticmetal to havemaximum effect on the
semiconductor. Studies of this baseline system help determine limits of diode sensitivity,
potential material interactions between Pd &i€, and whether darrier layer is
necessary between the Pd and SiC for long-term sensor stability.

The proposed mechanism for hydrogédetection inSiC-based devicessing Pd is
the same as that commonly accepted for Pd on Si devices: the dissociation of hydrogen on
the metalsurface leads tthe formation of adipole layercomposed of hydrogen at the
metal-semiconductor or metal-insulator interface. This dipole layer chahgesgork
function of the Pd and affects the electrgmioperties of the device roportion to the
amount of hydrogen and other gas species (especially oxygen) pretersumrounding
ambient atmosphere (11)The dissociation of thé@ydrocarbons is thought teelease
hydrogen and it is predominately the hydrogen whiateiected. Thus, for hydrocarbon
detection to occur, the hydrocarbon must dissociate on the metal surface (14-15).

Evidence for this mechanism of hydrogend hydrocarbormetection is given in
Figure 2. The inset of the figurehowsthe detection ohydrogen and hydrocarbons at
400°C: The diode is first exposed to air for 10 minutes, nitrogen for 40 minutes, followed
by 300 ppm of hydrogen initrogen (N/H,) for 40 minutes andhen 10minutes of
nitrogen and 10 minutes of ailThe second andhe third cycles are theame aghe first
except that the&800 ppm of hydrogen iseplaced by300 ppm propylene in nitrogen
(N,/C;Hy), and then300 ppm ofpropylene in nitrogen and 1% oxygen /BiH/O,)
respectively.

The inset ofFigure 2 shows a smathange in the capacitance as #mbient is
changedrom air to N,. A significant change in capacitancenisted with exposure to
both hydrogen and propylene. The response decreases as the hydrogen-bearing mixture is
changedrom N,/H,, to NJCH,, and then to NC,H/O,. These resultare reflected in
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Figure 2 wherehe corresponding curves of 17@s. V taken in air, NH,, N,/C,H,, and
N,/C,H//O, are shown.The difference in the barrier heigliom air to hydrocarbon mix
as derivedrom the intercept of 1/€vs. V decreases in theamepattern as theensor
response: from 916 mV, to 807 mV to 389 mV the mix is changedfrom N,/H, to

N,/C,H, to N,/C,H/O, respectively.
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Figure 2. Inset: The capacitance vs. time af@Q@pon exposure to air, nitrogen plus 300
ppm hydrogen «) or propylene(O), or nitrogen plus 30Qopm propylene plus 1%
oxygen (0 ). The diode is first exposed to air, nitrogen, thehydrogen bearing mixture
followed by nitrogen, then air.The figureshowsthe corresponding 1/Cvs. voltage
curves for airM ) and each of the hydrogen bearing mixtures.

The data in Figure 2 is consistent with thechanism of hydrogeand hydrocarbon
detection discussed above. We note that the air cuparadlel to the NMH, curve. This
suggestghat themajor effect of thehydrogen is tachange thavork function of the Pd,
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and not, for exampléenteractwith dopants inthe SiC. The curves for NC,H, and
N,/C,;H/O, are also predominately parallel to that in air anHN This suggestthat the
mechanism of detection in both cases is the same as that for hydrogen: a clinededin
work function due to the presence loydrogen. The presence abxygen changes the
magnitude of the sensor response, but does not cliaadmasionechanism oftletection.
Finally, the decreasingensor response #ise gas mixture ischangedfrom N,/H, to
N,/C,H, to NJC,H,/O, is likely due to decreasingmounts of hydrogeavailable to be
absorbed intdhe Pd. The exacsurface science stilemains to benvestigated, bukess
hydrogen would migrate into the lattice if the dissociation of the propylene is incomplete,
or if less sitesare available on the Psurface for dissociatioffom propylene tharirom
molecular hydrogenThe presence afxygen further decreasése amount of hydrogen
available to migrate into the Haltice by eithettaking up sitesised bythe propylene for
dissociation, or by combining with the released hydrogen to form water. Thudathis
consistent withthe idea that thenechanism ofdetection is due to the dissociation of
hydrogen and hydrocarbonstheé metalsurface evolving hydrogen which changes the
work function of the Pd.

The dissociation ohydrocarbons is a temperature dependsfdact even in the
presence of a catalyst. We have studiedré¢isponse of a Pd/SIC Schottélypde to one
hydrocarbon, propylene, at a range of temperatur&ich studieshelp define the
operating temperature of the sensor, as well as its long-term stability. Fighmenv3 the
zero bias capacitive response of the sensor to 360 ppm propylene at various temperatures.
The sensortemperature is increasétbm 100C to 400C in steps of 10C and the
response of the sensor is observed. At a given tempertitesgnsor is exposed to air
for 20 minutes, Nfor 20 minutes, 360 ppm of propylene infir 20 minutes, Nfor 10
minutes, and then 10 minutes of air.

There are two points to note in the sensor behavisha#n in Figure 3. First, the
baseline capacitance in @oes notthange between 180 and 208C, but decreases to a
lower value as the temperature is raised td@@Mhd above. This decreasecapacitance
as the sensor is heated above°206 consistent with the results reportedeference 16.
Both results suggeste possibilitythattemperature dependent chemical reactions which
affect the electroniproperties of the diodenay have an onset at temperatures above
200°C. Second, Figure 8learly showsthat themagnitude of sensor response to 360
ppm propylene depends strongly dhe operating temperature. #ensoroperating
temperature of 10C is too low for propylene tdissociate on the Pdurface, so the
device does not respond at all. The three other curves f&€,2800C, and 408C show
that elevating the temperature increases#éresor's response to propyleriEhe presence
of propylene can bdetected aany of these higher temperatures with “0@eing the
minimum operating temperature determined in #tigdy. Since thestandard long-term
operating temperature of Si is usually below “@Q)Othese results demonstrate the
significant advantages of using SiC rather than Si in gas sensing applications.

The sensor response tother hydrocarbons at a given temperatuié vary
depending on the hydrocarbon. Thisiewn in Figure 4 wherthe capacitiveesponse
of the Pd/SIC Schottky diode at 3a0is shown for three different hydrocarbons. Two of
the hydrocarbons, propylene aradhylene, are alkenes while the thirdethane, is an
alkane. Thus, thistest involvestwo different classes of hydrocarbon3he sensor is
exposed tair for 20 minutes, Nfor 20 minutes, 360 ppm gdropylene, ethylene, or
methane in I for 20 minutes, Nfor 10 minutes, andhen 10minutes ofair. The
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temperature, 30C, is significantly above theminimum operating temperature of 2
discussed aboveThe sensor response fwopylene is just slightly larger thahat of
ethylene. In contrast, theensor response to methaskows a smaller, short-term
increase in capacitance followed by a drift towards the baseline.

16.5
VOLTAGE = 0 V PROPYLENE
15.5 +
TEMPERATURE N2
145 A 100C
'S A 200C
W35 1 o s00cC

® 400C

CAPACITANCE
N
)

11.5
10.5 |
9.5 I I I 1
0 20 40 60 80
TIME(MIN)

Figure 3. The temperature dependence of the Zses capacitance tovarious gas
mixtures. The response to propylene is seen to be strongly temperature dependent.

Figure 5 shows the sensor responsthésametest as in Figure 4 bumeasured in
the I-t mode. There arédwo points tonote in Figure 5.First, the change in théorward
current upon exposure to propylene and ethylene is very large: more than a factor of 1000.
This is in contrast tthe capacitiveesponse in Figure 4 which showed inorease in
capacitance of ne@5%. This is due tthe fact that a change in the Rabrk function
increases theforward current exponentially while thecapacitanceonly changes
guadradically. Second, the response to methane, although larger when measured with the
forward current, is still significantly different from that of propylene atigylene: ashort
termincrease in signal followed by a decrease back toward baselihas, the sensor
response differs depending on the class of hydrocarbon.
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Figure 4. The zerobias capacitancers. time at 300 upon exposure to propylena),
ethylene (O), and methane ). The sensor response depends the class of
hydrocarbon.
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Figure 5. The forward current at 0.4V vs. time at’@0@on exposure to propylena,
ethylene(O), and methanex). The sensor response is mudérger in theforward
current mode than in the capacitive mode but still depends on the class of hydrocarbon.
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Therefore, thiglatashowsthat Pd/SiC Schottky diodes respond to hydrogen and
hydrocarbons up to 480. The data strongly suggests that the mechanistete€tion is
the dissociation of the gas on the fdface and subsequetdgtection ofhydrogen. The
effect isboth temperature and hydrocarbon dependérite sensorcan be extremely
sensitive, especially when the forward current is measured. Thus, the SiC-based Schottky
diode structures have high potential for the measurement of a variety of chemical species.
In order to use these sensors in high temperappécationssuch as in emissions
measurements, it is necessary to deterrthe& long-term stability in high temperature
environments. We have studied the stability of Pd/SiC Schottky diodes’at ih2&r for
extended periods. A detailed description of this work may be found elsewhere (17-18) so
we will only summarize the results here.

1O T oLTAGE = 07 v
1.0E-03 - T=100C ‘ HE/H2 MIX | HE
1.0E-04 |
_ 1 BEFORE
< 10505 HEATING
E 1.0E-06 - AIR
& 1.0E-07 -
2 AFTER
© 1.08-08 - HEATING
1.0E-09 -
1.0E-10 -
1.0E-11 - l l l I I I
0 20 40 60 80 100 120
TIME(MIN)

Figure 6. The forward current at 0.7 V vs. time at’CQfkefore @) and after heating &)
for 140 hours in at 426. Thesensor is exposed tair, He, 1000 ppm Hin He,
followed by He and air. The sensorsensitive to hydrogen although its propertiase
changed.

A major result of this work is shown in Figure 6. The logarithmic forward current at
0.7 V is shownbefore and after heating at 425for 140 hours irair. Thesensor is
exposed to air for 20 minutes, He for 20 minutes, 1000 ppm He (He/H mix) for 20
minutes, N for 10 minutes, andhen 10minutes ofair. Before heating, the current
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shows nasignificant change in the oxygen-deficient elevironment whileafter heating

the current increases from the air baseline nearly two orders of magnitude upon exposure
to He. Before heating, the current changes from the baseline in air (fiégri0nearly

four orders of magnitude in response to the Hefik. After heating, the current change

is about three orders of magnitude frdme baseline in air (near 10A) and about one

order of magnitude from the level in the He environment. In both cases, the current in the
He/H, mix is significantly larger than thaheasured irair. The recovery of theiode’s
current towards baseline is much more rapid in air than in He. Thereforel 4itéours

at 425C in air, the diode current still responded sensitively to the Halki and thus the

diode still functioned as &aydrogen sensor. Howevethe diode’s sensitivity and
characteristics have changed. Clearly, the diode structure will have to be stabilized for
long-term, high temperature applications. Attemptstabilize the structure by including

a silicon dioxide (SiQ) barrier layer between the Pd and the SiC have, surprisileglytp

an accelerated degradation of the diode’s sensitivity (19). Further attensfabiliae the
diode’s structure are under way.

SiC-BASED SENSOR PACKAGING

The packaging of a complete integragsshsorchip for operation outside of a probe
stage environment is obviously essenfiat real world applications. One major
component of oupackaging effort is théormation of structures othe SiC substrate
necessary to make a compléeteegratedsensorchip. These structuresust allow the
sensorchip to operate in a variety a@nvironments without interfering witlsensor
operation. Since the sensing reactions involved are temperature dependent, one necessary
aspect of completeensorfunctionality is the ability to control the temperature of the
Schottky diodesensing element. The minimum additional structures necessary for
temperature control are a heater and temperature detector. The temperature detector and
heater circuitsnust beelectrically isolatedrom the Schottky diodesensingelement to
prevent electrical cross-talk.

We have investigatetivo approaches tpackaging a complete integrateénsor
including a temperature detector and heater. firee approachwas toplace the heater
away from the sensingarea on thepposite, backside dhe SiC substrate. Isolation of
the heater and temperature detest@s achieved by depositing an insulator on the
backside of the SiC and then sputter depositing a Pt-based temperature detdwtatesnd
onto the insulatorinitial processing problemssulted in pinholes ithe insulating layer
causing unstableensoroperation due telectricalcross-talk betweethe heater and the
SiC substrate. These processing problamesbeingaddressed.The second approach to
providing a heater and temperature detector tdSthebased Schottky sensietement is
to apply the temperature detector and heater onto a sepia@efPyrex glass anthen
mountthe SIC sensor ontthe Pyrex substrate using silver epoxy. This approach has
provided stable temperature control to #emsor withoutlectricalcross-talk between the
sensing diode and heater.
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Another major component diie packaging effort is tomount the completesensor
chip into an electronic packagéhich can provide connectionsith externalhardware.

The type of electronic package necessiyends ornhe application. For applications in
which a high temperaturgensor isoperated irroom temperature ambient conditions, a
modified version of draditional electronic packageay besufficient. However, if the
application involvesensoroperation inharsh conditions such as angine, traditional
electronic packaging may be inadequate.

Our work has centered on packaging a complete, integrated shnstor operation
in a room temperature ambient whetbe Schottky sensingelement is temperature
controlled up to 600C. Such apackagewould allow characterization of theensor at
high temperatures without testing in a high temperature environment. Early sSermar
packaging work, we found that mounting antegratedsensor design ontihe base of a
commercially available TO-5 header unacceptably restricted theaximum sensor
temperature. The high thermal conductivity of SiC combined theéhntimate contact of
the sensor chip with the TO-5 packdged to considerable hekiss fromthe sensorchip
to the surrounding header. Theximumtemperature achievabieder these conditions
was near 223C. Increasing heatingpower to several watts increasethe sensor
temperature but led to degradation and failure of the heater and temperature detector.

This problem was addressed by changing the way the complete sensor is mounted in
the TO-5 header. The completgensor is suspended withe wires used forelectrical
contacts to four poles of a TO-5 type base. Thus, the only comédheseslements had
with the outsideworld was througtthe wires. Platinum wire of 2jum diameter was
used forthe electrical conta@nd suspension. Thapproach significantly decreased the
amount heat loss to the ambient and allowed heating of the sensor to temperatures as high
as approximately 58Q in a roomtemperature ambient. However, it asticipated that
improvements in processing combined with SiC micromachining techniques may provide
an alternative solution to this problem in the future. By micromachining the backside of a
SiC substrate with aimcorporated temperature detector and heaterhéa¢loss to the
sensor package will decrease. This would likely allow standard mounting of the sensor to
a TO-5 header.

The most important aspect of a sensor packaging efftratigheresulting packaged
sensomot be damaged or have decreasapgabilities due to the packagindzigure 7
shows the response of a packaged Pd/SIC Schottky diode seagoiNp 1000 ppm H
in N,, and then air.The change of theensor forwaraurrent to1l000 ppm hydrogen is
near a factor ol0. This response issignificant decreastom the response of diodes
examined in the probe chamber as seen, for example, in Figures 5-6. Possible causes for
this decrease in sensitivitypon packaging include: 1) The diodmurfacearea in the
packaged diodes is usually larger that of diodes examined ithe probe station. The
presence of micropipes (1,20)time SiC might dominatehe currenflow in a packaged
sensorand decrease the effect on thensor of changes in Pd woflinction. 2)
Processing the sensor for packaging may influence diode promeuiéd to thesensors
sensitivity. Thereason fordecreasedensorsensitivity after packaging is an area of
continuing investigation.
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Figure 7. The response packagedPd/SiC Schottkydiode sensor taair, N,, 1000 ppm
H, in N,, and then air at 37CG. The sensor response is seen to be smaller than those seen
in an unpackaged sensor.

SiC-BASED NQ DETECTION

A natural extension of the work on SiC-based hydrogen and hydrocsebsors is
the development of a NQOsensor usinghe samebaseline structuresLunstrom et al.
have demonstrateithe use ofcapacitivestructure for NQ detection(3). However, NQ
sensitive Schottky diode structures have not been demonstrated.

We are takingwo approaches in this workThe first approach is to change the
catalytic gate of the Schottky diode to a material more sensitive to the presence & NO
prime candidate material iplatinum (Pt). Changes ithe Ptupon exposure to NQGs
thought to change the electronic properties of the diode. These changes can be correlated
to changes in the NGconcentration in the ambient atitus be used tguantitatively
measurethe NQ, concentration. However, the presence of interferingases such as
hydrocarbons and oxygen must be accounted for in order to obtaccarate reading of
the NQ, concentration.

The second approach is the incorporation of g $#Dsitive insulator into a Schottky
diode structure. This approach allothie combination of SiC semiconducttchnology
with moretraditionalmethods of NQdetectionsuch asthe use ofmetal oxides. This
would allow SiC to act as a platform for gas sensing ovange of temperatures which
would not be possible with lower temperature and more reactive
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Si-based devices. For examplehm insulating layer of tin oxidéSnQ) can be placed
between a porous catalytic gate and 3n€. Upon exposure to NQOIt is surmisedhat

changes will occur in both the catalytic gate and the insulating layer.corhbinedeffect

of these changes will yield a more sensitive sensor than changes in the gate alone. Further,
the sensor structure can be tailored to allow sensor characteristics to be determined by the
sensitivity of the insulating layer alori®y, for example, using a NOnsensitive gate.
Prototypes of thessystemsare under development anthe results of testing of these
sensors is planned for a future publication.

SUMMARY AND FUTURE PLANS

The development of SiC-based structures allows for sengperation in
environments and applications where Si-based technologies are inoperative. In particular,
gases such as hydrocarbons can be detected by operating the SiC structure at temperatures
beyond the capabilities of Si. The work\lASA LeRC in conjunction wittCWRU has
centered on thdevelopment of a SiC Schottkijode sensor structure. Th&ructure is
very sensitive to hydrogen and hydrocarboiitie mechanism ofletection isbased on
the dissociation of the gas on the catalytic gate of the diode and the subsequent detection of
hydrogen. The ability to detect hydrocarbons is temperature dependent and differentiation
of classes of hydrocarbons has been demonstrated.

Areas of future development include improvementghenstability of thesensor for
long-term, high temperature operation and incorporaticthe$ensor in atablesensor
package. Theise SiC-based sensors for Nd&tection isalso being investigated. This
work relies on theSchottky diode structure with a differemgfate material or the
combination of SiC with more traditional N@etection materials such as Snr'he use
of SIC holdssignificant promise forthe development of new sensoend sensing
approaches in gas sensing applications.
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